WO 2005/064026 



PCT/CN2004/001352 



mmM^Rm^mm^mn^ <m&mmmM.Atem®&M n-Nb-zr 

Ti-Nb-Zr-Sn-^-^o 

nmm^Km^k^±^(x+m Ti-6A1-4V m Ti-6Al-7Nb, 3£3$ &WkMiX%}7f 

m^TmmmmumAwmmmm±» ai m v w^-^^-fe^tt aa 

3iH^A+^^^»!Sc*T^^WM»A#*i#14^pME^^^, tmm&J 

Ti-13Nb-13Zr. Ti-15Mo Ti-35Nb-5Ta-7Zr \cXRU^$] Ti-29Nb-13Ta-4.6Zr . 
Ti-15Sn-4Nb-2Ta^n Ti-15Zr-4Nb-4Ta#^o \ll±.^±i%%m^m$MM.mm ! tk^±, 
@^&3&#T*Sf;*:^ 60 GPa, (#»3lB^i£#|«-ji£AT 80 GPa, 

Jfr^Ti-Nb-Zr^frS-^, @ mf BW^^T<£^*ISffi^fiU^J * it, Jt* 10-20 
wt.%Nb -a* (fHH^O-^: 5,545,227; 5,573,401; 5,169,597). 35-50 wt.%Nb ^M. 
(HfflWJ-^: 5,169,597) IM^'J^ 24 wt.% SMK) Nb ZrC^S^J-t: 4,857,269) 

f^r^&ffl. Ni 7D^^A^#^a:^iSfnAWWgc0tt, /A7l+^ 

^^ikMJ&^^Lvk&MW S Baker S Ti-35 wt.%Nb "t^^C Baker C, Shape 
memory effect in a Titanium-35wt% niobium alloy, Metal Sci J, 1972; 5: 92), Duerig 
^ Ti-10V-2Fe-3Al^^^iJH,SJ!a^^ietZ^ (Duerig TW, Richter DF, Albrecht J, 
Shape memory in Ti-10V-2Fe-3Al, ActaMetall, 1982; 30: 2161 )„ E&TpBf^^W^^ia 
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Ti-V-Al.Ti-V-Ga^O'Ti-V-Ge(Hffl^!j-§-: 6319340 )jfP Ti-Mo-AkTi-Mo-Ga#l Ti-Mo-Ge 
(Hffl^y^if-t: 2003018S810) %%m&'&&&fTT s &ffl * if . 

Hao &m%wmm$k^&mm& m^^m^mKm^m^m^m^^ 

i$3&S4ft£!4ffc^fftW&:fr& (Hao YL, Niinomi M, Kuroda D, Fukunaga K, Zhou 
YL, Yang R, Suzuki A, Aging response of the Young's modulus and mechanical properties 
of Ti-29Nb-13Ta -4.6Zr for biomedical applications, Metall. Mater. Trans. A, 2003 ; 34: 

ioo7) 0 gjfch, ^rBm^MRmm^mmm^mm^Hmm^m^ mm, 
MmmnmAm8mvk&jmm%k^± cri-Nb-zr3§o RU^Mn^^k, 

&n&i&mmi®:£-&, 20~35wt%Nb, 2~15wt%Zr, &M%) Ti 3WrJ 

*%:m$X&£^ Nb ffl Zr ^-437 30-45 wt.%, A ftMfe 

&fty%^tt 2%mmn&. 60GPa &mMmmm&mz; 

^W^^imU-Sm SnUc Al "^WS^-ftTu*,^*^ 0.1-12 wt.% ; 
&*PZxm'Sn&'£MtfE 3~20wt.%;£HL ^|t^^-8O°C~+lOO°Cz:f0]^mil ^ 

*&w&^&wtt^d?Mftmmm7tm, $n cnmm o,^#*/>^ o.5wt.% 0 

T±m%& 2O0'C ~ 900°Cg!?§£t3i 10 £!>~2 <h Etf\ 2 #~60 #;gzk^, IM 

JHS£-£j@?£t^ E^ttlBSlSae-; ^4", W^^200°C~900°C@^g|^j5, £ 
200r~600W$t£k3I 10 ^-60 4Ht, 2 #~60 WJI^^^'i4> 

PMttf^?!^; ^^^^lM^200°C~600'CBt^ii2^f4~48>'>Stj5 
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&m&m&'^ 20%, ^um-^m^±^^mm, 45Gp a; ^inx^ 
mmMm^f- 50%, ^mt&FmffiRjgftmxmMmxtt®* 

A^mmmmm^mt^mmm^^mtimmm^, mmAmmAVFMwm 
m, ^mmAmmmmm^; 2) m^nm^m^mm^iL^cm, ^jum 

urn, ®m, mm&M&&»imtmmm, mm&M^fc&&m&jL&mwm&o 
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m l A Ti-20Nb-2Zr/Ti-35Nb-2Zr $"-tfe0H3fii%ftR& # ; 

m IB »-Ti-20Nb-2Zr/T 1 -35Nb-2ZrriftiHffB-»^«fS*; 

S 1C % Ti-20Nb-2Zr/Ti-35Nb-2Zr rtMHj&^t&KEJft R#S* 

S2^J Ti-Nb-Zr ft® fe^M ; 

a 3 3j Ti-Nb-Zr-Sn "^MfeRSS*; 

m 4A ^ Ti-28Nb-2Zr-8Sn 1=r£ X M*&ffiMi&; 

m 4B Ti-32Nb-8Zr-8Sn X #i£#J*Ht ; 

S 5 Ti-30Nb-10Zr £-&iq&-fcl«&&# ffi^S; 

S6^ Ti-28Nb-15Zr ^#Jqtt-fl|l*fe# ffi^ffl; 

S 7 3j Ti-28Nb-8Zr-2Sn-^^JnSc-iiP^fe#ffi^ffl; 

EB 8 % Ti-24Nb-4Zr-7.9Sn-^^Jq^-®^l&#ft^@; 

ffl 9 Ti-20Nb-4Zr-12Sn ^^JPSt-JilSRliW fl^ffl ; 

9 10 & , n-28Nb-2Zr-6Sn-2Al^»^iin^-flP3R&#tt^ffl! 

m\\% Ti-24Nb-4Zr-7.9Sn^-^^ft^»; 

m 12 ^ Ti-Nb-Zr-Sn l^mi^Sl ISMS; 

g 13 ^ Ti-Nb-Zr-Sn 

a 14A^, Ti-24Nb-4Zr-7.9Sn^^Lfe^iS*f%TM1t^BJg/#ffl; 
ffll4B^j Ti-24Nb-4Zr-7.9Sn^^^Lfe^"%^ 1 ^ltSl; 

m 15 ^ Ti-24Nb-4Zr-7.9Sn 1.5 *7fc^$L^£ 500°C £h3l 1 /Mtffitt8lt*& : ? 

3?»J l ' 

M l 0f*fc/$3h 3R/B«a»#*5E# i^lWtMiMi^, mi 60 3s 

10mmxlOmin&#, Ht7Jfrjj& 20X 6X4mm t5$#= T^^gftfr*jfni!lbfc*tS, g?* 

i ^*r«#i, #jsa#*£&#T iooo°c^^ 4 /wat^frtt^^is. ^^#s 

1 mm WrfiScfll. & Ti-20Nb-5Zr Ti-35Nb-5Zr -££&J&rtMBto£fi8%&JiR 

>t^P^if ^tlT^mJSLS 1A. IB. 
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« 1 Ti-Nb-Zr / Ti-Nb-Zr f 0 Ti-Nb-Zr-Sn / Ti-Nb-Zr-Sn JT M 



• t 



Ti-20Nb-2Zr/Ti-35Nb-2Zr 


' Ti-20NboZr/Ti-3 5Nb-5Zr 


Ti-20Nb-8Zr/Ti-35Nb-SZr 


Ti-20Nb-4Zr -2Sn/ Ti-35Nb-4Zr -2Sn 


Ti-20Nb-4Zr -5Sn/ Ti-35Nb-4Zr -5Sn 


Ti-20Nb-4Zr-SSn/Ti-35Nb-4Zr -SSn 


Ti-20Nb-8Zr «2Sn/ Ti-35Nb-8Zr -2Sn 


Ti-20Nb-8Zr -5Sn/ Ti-35Nb-8Zr -5Sn 


Ti-20Nb-8Zr-8Sn/ Ti-35Nb-SZr -8Sn 


Ti-20Nb-12Zr -2Sn/ Ti-35Nb-12Zr -2Sn 


Ti-20Nb-l2Zr -5Sn/ Ti-35Nb-12Zr -5Sn 


Ti-20Nb-12Zr-8Sn/Ti-35Nb-12Zr -SSn 



Ti-20Nb-2Zr/Ti-35Nb-2Zr r*MBi$##ftE« RiSt*«I^ifcJB.ffl 1C. 



Ti-Nb-Zr fP Ti-Nb-Zr-Sn § W^ffi 60 3£#p D p „ 3j 

mjE^±j&fri%^,mmmum,fcMm%=&omm& 95o o c^it^ iommx iomm 

*S#,. &&&X¥EWSf*t t , & 850°C^ 30 ^ISftl, &&$fi&Ltil&& 20s 
jSM-SATK^c X5f^f^a*AhaW-^^, iPlJ^lM^i3 mmx 15mm 

io T^# B a p, & lx.io- 3 s- 1 w^»T^Tfe#^ 0 »«iia#«ft«jias*w?Sfli 

2 ^fflra#*S#g««^P^60^#p a p o 3»fiH££- 

%mmu$fc, RfU&i£=&o Mftfjt^ 950«i£j& 10 mmx 10mm 0 
#, £fcg2Elt£:E2S«f», i'850XJg 30 4WH*AhS, ^^ftm^ 20s ^ 
20 ^SAtK'+'o mm^:®5rffi7j&, W 10 o C/^pijJq^P^4Pii^, ^E+150'CIbBI 
rt«#^W^K#*lAft^3gfflJ[. ##r«J*g£*, =»£tS 1 wt.% Nb. Zr^OSn 
^JHHfr3K:#$££$&K£r 17.6°C. 41.2°C^P40.9'C 



m 2 Ti-Nb-Zr-Sn ^&&J1&%- 





20Nb 


22Nb 


24Nb 


26Nb 


28 Nb 


32 Nb 


2Zr-8Sn 






V 






V 


4Zr-4Sn 


V 




V 


V 




V 


4Zr-8Sn 


V 


V 


• V 






V 
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4Zr-12Sn V V V x x x 

6Zr-2Sn x x x V V V 

SZr-2Sn x V V V x x 

8Zr-8Sn V V x x x V 

*3 ^±^mM^a^^mm^m^m^ 



1 wt.%Nb 


1 wt.% Zr 


1 wt.% Sn 


ffi^&Ulg. -17.6 °C . 


-41.2 °C 


-40.9 °C 



M-frffiiX, %m2mmnh73&, ft 29=30-90 °c & @ f*i , _ fifiiaLffi^ nc/^JH^T 

aS*^Wflfl**. #W^&*ft;te&^#fflttJ&te#3fc. Ti-28Nb-2Zr-8Sn 
^Ti-32Nb-8Zr-8Sn^^X^tf#it^"JJE® 4A> 4Bo 

^^^fS O'Ctfj Ti-Nb-Zr m Ti-Nb-Zr-Sn (A #^7: Ti-30Nb-10Zr ; 

Ti-28Nb-15Zr ; Ti-28Nb-8Zr-2Sn ; Ti-24Nb-4Zr-7.9Sn ; Ti-20Nb-4Zr-12Sn), TfUMM 

= 4ffl*n$tft 950°CSgig/& 10 mmx 10mml#, ^jlgftlCS^t^, ft 850°C 

3£ 30 3H+@$&*bS, -it^t^tB^ 20s ^^SAtK^. XsTJ^S^AhSW^ 

inX^X^^(()3 mmx 15mm Wfe#i!l^;#p a n , ft lxlO" 3 s' 1 W^WTiSIf 
. f£3a , Ti-Nb-Zr m Ti-Nb-Zr-Sn M W k#j&aM£&fj 

^jD«-iP«»-ai6Sljas 5~ffl 9= Xtffl 5~S 9 init-®»!li^ 

^Si4^Mit#^BJ , Ti-Nb-Zr *P. Ti-Nb-Zr-Sn ^£^#^{£6*1© . gift 

40-50 GPa, ftft Ti-6A1-4V^ Ti-6Al-7Nb> Ti-5Al-2.5 Fe %?m.m%k^±&J 35%-45%„ 

^^^ifl^-^TU* Al m Ti-28Nb-2Zr-6Sn-2Al &mMfflfrX&l¥&1fc%M. 

fr'!fem>6om$&o %mE&±mfrt%%, m%m$m:, &m^^=^c mm%&95o°c 

£&3t$4 10 mmx 10mm igSI^^ft, ft 850°C^ 30 4B+@$8£t31, ft 

mmm 4 

TffiUlTi-24Nb-4Zr-7.9Sn1^&ft#!|, ^{±JJnX; ^SXS.Sl^'141^ 
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• ^mM^mn^mP, &&30^/f Ti-24NWZx-7.9Sn^&*|^. & 850°C JF£E 

(j)io m^mw^mm. 4 ^•tts^^'sjBtfij^TBM, #u§$;t 20 ^m?K^. 

&&M]smF n toX.I&Xft&$j$3 mmx 15mm ftfe#i5$#, lxlO'V 1 ^jw^^f 



« 4 Ti-24Nb-4Zr-7.9Sn ^-^^tt^ifP®?^'(t 



-44, i_i Ttn **-,) t-i^r- 


feRgl* (Gpa) 


j@»tfe (%) 




42 


2.8 


900°Cx60 


44 


2.7 


S50°Cx30 


44 


2.9 


850°Cx60 ^Hf 


42 


2.8 


850°Cx90 


45 


2.S 


700°Cx30 5fW 


41 


2.9 


700°Cx60 


43 


2.8 


6dO°Cx30 ^rff 


46 


2.6 


650°Cx60 


a n 


2.5 


600°Cx60 ^-#t> 


54 


2.2 


500°Cxl0 


48 


2.9 


500°Cx20 ^-It 


54- 


2.2 


500°Cx30 


58 


1.9 


450°CxlO^># 


50 


2.9 


450°Cx30 


54 


2.5 


400°Cx 10^-1+ 


46 


2.9 


300°CxlO^ 


44 


2.9 


850°Cx30 ##jM-500°CxlO 


45 


2.8 


850°Cx30 ^l++450°CxlO 


50 


2.8 



10 Sfe^ba^lJ^ 500°CxlO ^ 20 #^7Xv^; 450°CxlO 20 
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<i>io m*mw&& s &&toM&mttmm?i&$iM (Bpujg&s, m 

je^^o m&mBW&mXj$,J:ft&%)b3 mmx 15mm & lx-lO' 3 s" 1 fi^JiS 

20 f£jgzK#3T^. 



3t 5 Ti-24Nb-4Zr-7.9Sn ^^^'|4mmfP@#'l4 





^Ktlfi(GPa) 






42 


2.8 


- 85O°Cx30 fr¥? 


48 


2.5 


850°Cx60 ^Ht 


50 


2.5 


S50°Cx90 


47 


2.6 


' 500°CxlO 5^ 


48 


2.7 



Ti-24Nb-4Zr-7.9Sn &&J\M&U$b&m^Tfo^fo&8&> S^&ftPF^K . 



.10 miS/h-fij&ifc 20GPac 

<>10 5 ^ftfoM^mf^MM, APX^Xf^g:^<|)3 mmx 

15mm Am#«#p a p, £ lxlO' 3 s* 1 WJ^&*T&#»t*. ^^MK^MUt^ 

#tfc}: 1000MPa^#T, ^ft^»nIW^T70GPa ; 

15 lOOOMPa MT, ftllS 40~50GPa :£|b) o 



6 Ti-24Nb-4Zr-7.9Sn -^#M^fe#tttg 





IKII (Gpa) 


(Mpa) 


m& (%) 




. 42 


850 


24 


850°Cx30 


44 


750 


29 


850°Cx60 #1+ 


42 


740 


28 


700°Cx30 


41 


750 


29 


650°Cx30 4ffi 


46 


820 


25 


650°Cx60 


47 


830 


25 


500°CxlO^-# 


48 


950 


20 


500°Cx30 frV? 


58 


1040 


16 
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500°Cx60 ft¥? 


60 


1140 


15 


450°Cx240 -ft®? 


70 


1250 


14 


450°Cx480 fr¥? 


70 


1200 


14 



&: ift6 JsM£h3IW5iUB 450°Cx240^Ht. 450°Gx480 fr^W&tf&t&M, ^ 



^mm 5 

5 TM^Ti-24Nb-4Zr-7.6Sn^^j^, *&tBJqX, ^MMJi^R^mZ o 

M3t£ gftfeW, 30 &Jf Ti-24Nb-4Zr-7.6Sn . & SS0°C7F J@E 

fn^it, m<t>20 ^^ 800°C$L^«|)10*^:SB#o 

&3l/g#n a n ;&nXj&X#|£;*7<j>3 mmx 15mm ^ lxlO' 3 s" 1 fitjjS^fil^TiS 



7 Ti-24Nb-4Zr-7.6Sn ^#5^'l4^I*fO®^f4 





m^WA (Gpa) 






44 


2.S 


900°Cx60 


44 


2.6 


850°Cx30 


44 


2.8 


850°Cx60 ^#t> 


46 


2.8 


850°Cx90 ^-1+ 


45 


2.8 


750°Cx60 


44 


2.8 


700°Cx30 


44 


2.8 


700°Cx60 


41 


2.9 


600°Cx60 


4S 


2.6 


600°Cx30 


50 


2.2 


550°Cx30 -frfy 


60 


1.8 


500°Gxl0^#f 


50 


2.9 


500°Cx30 


60 


2.0 


S50°Cx30 ^ff+5OO°Cxl0 


47 


2.8 


S50°Cx30 3Kt+450°Cxl0 


51 


2.7 
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Xj&XfE&;&<|>3 mmx 15mm Wft#i5&f¥, & lxl(T 3 s" 1 W/SM$Ti4^f 3%»- 



* 8 Ti-24Nb-4Zr-7.6Sn 



HMkWMBt. 


©K^fi (Gpa) 


(%) 




44 


2.S 


S50°Cx30 Wft 


48 


2.5 


850°Cx60 ft¥? 


50 


2.5 


S50°Cx90 


47 


2.6 


500°CxlO:$B+ 


48 


2.7 



15mm Wtfc^lHtt^a, # lxio" 3 s" 1 W&2^*Tifc#fHTi . K^iiiliS; 

* 9 Ti-24Nb-4Zr-7.6Sn ft fig 





©KM CGpa) 


*3Sffi (Mpa) 


WSl (%) 




44 


850 


28 


850°Cx30 ^Ht 


44 


.720. 


33 


850°Cx60 


46 


740 


35 


700°Cx30 Wft 


41 


750 


29 


650°Cx30 


44 


790 


31 


500°CxlO 


50 


980 


24 


500°Cx30 


57 


1120 


20 . 


500°Cx60 


62 


1240 


19 


. 450°Cx240 


72 


1320 


17 


450°Cx480 


74 


1260 


18 



mmm e 

%MW;fa Ti0 2 fflftm-sMM Ti-24Nb-4Zr-7.9Sn ftgHEFPjgaMiftj 
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^ftit^H^c <ffltP^ 950°Cft3t^ 10 mmx 10mmg#„ #o n q JnI/&X-m 
I£j*j<}>3 mmx 15mm 6tJii#i^#, £ lxlO' 3 s" 1 ^jS^il^TiS^f 3%#pft-£pft$!ln5!U 

-&±MffimMmnmn&o mm^m^ io„ 



* 10 ft-^i^ Ti-24Nb-4Zr-7.9Sn -^^##^4^P^?fii4f^P|R) 



«/&fi (wt.%) 


WuRMm. (Gpa) 


mw& (%) 


0.11 


42 


2.8 


0.24 


48 


2.5 


0.42 


56 


2.0 



7 



3t»J 4 <+>#jB$Lfi5 U Ti-24Nb-4Zr-7.9Sn £^&&#T 2%i£#'^ 

ffiS 6%W^*|feiRi|fc. PM#*4^M#^^^^ 25%, jk-WVt 

&.mmm&M#mo if 2%&#^&tj3ii,gi£iij 565MPa, wu^m^m.mwmT 

tt^MW 5 4 1 W^$Lf !l Ti-24Nb-4Zr-7.6Sn -&±m#, teMMfrflrT 2%&#3£ 
kA-jSt35fflSl^^^i'fflfl<Iif , «5f^f)ltjSWlR«lfeig* 0.48MJ m" 3 , 

»#y 8 

^f$I#iJ 4 5fP 5 <f #J Ti-24Nb-4Zr-7.9Sn Ti-24Nb-4Zr-7.6Sn 850°C 

«t& 15 ^^m^'X^M^wrm^fmi, mimmm^-m^j so%. 

90%#1.98%, SEW^JUS^^ 120^^. 50^^20^^*^^, $Lf'J 
■^3mm, 1mm fP 0.3mm tf^^^Pfg^t (JE® 12) „ 90%^lM^^t§tt , M 

imtiLim&m-ma*} eoMPa, ^sK^^aw^tettiqis^*. 

rtf-gmm 4ms ^io ^ 7oor:i£^&*y£M, $1345 
Mo $5 mfc&tt^tSL*pmm,'X*ihm, m^xr^, %m^m% 60%ip 75%, ^ 

M<|)3.0mmf!]<|)2.5mmM^ (JES 13)o 

s£»y 9 

#^»y 2 ^p 3 4>ffl 5-s 10 #bj^, Miimmm-mm&m, m%m^mm 
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v. so J 












Ti-30Nb-10Zr 


4SrrPa 


^ HPn 
J -J Ura 


KJra. 




Ti-28Nb-15Zr 


46GPa 


34 GPa 


23 GPa 


31 GPa 


Ti-30Nb-SZr-2Sn 


44GPa . 


32 GPa 


24 GPa 


34 GPa 


Ti-24Nb-4Zr-7.9Sn 


42 GPa 


31 GPa 


21 GPa 


35 GPa 


Ti-20Nb-4Zr-12Sn 


46 GPa 


34 GPa 


26 GPa 


34 GPa 


Ti-2SNb-2Zr-6Sn-2Al 


45 GPa 


30 GPa 


21 GPa 


33 GPa 



mmrn io 



MT-mt&m 8 +^Ti-24Nb-4Zr-7.9Sn^P Ti-24Nb-4Zr-7.6Sn^-^^$L^#*I?g#, 

98%Ht, sf^MimR^frmZ} 120 50 Ifi^tfO 20^)tRo tf^fflM, S 14A. 14B 

*&£ij Ti-24Nb-4Zr-7.9Sn ^ 1.5 C^$UJPX^»^ 90%) WaStf 4^? 

10 90%*HfL» Ti-24Nb-4Zr-7.9Sn 500°Cra&bH 1 /.hBt# R n n&*J 

utefrffiR^z mteffifflaffi&m®MiMLRmmt!$} lorn*. 

ttf Ti-24Nb-4Zr-7.9Sn fP Ti-24Nb-4Zr-7.6Sn ^-<£ 1.5 «^JM*te#, ^^J^E 
350'C\ 450°C^P 5OO°C0t^ii 4 /hBtS^o 1600MPa, m^MmA^ 

15 90GPa o 

Ti-24Nb-4Zr-7.9Sn fP Ti-24Nb-4Zr-7.6Sn 1.5 *^J?^7ft^*t, 7^J£ 
SSO-C^SO-CfP 750°C@^S 10^1+fP 90 ^4,^S^,^^fe#Mtt^ 10% o 
Ti-24Nb-4Zr-7.9Sn *B Ti-24Nb-4Zr-7.6Sn 0.45 «7ftJM«#£E 650°C 

mmzm. 60 hI^tnx^ 400 £ 500 w£*&3i eo ^4^k h i 

MT- Ti-24Nb-4Zr-7.9Sn ^P Ti-24Nb-4Zr-7.6Sn ^± 1.5 MMm^^UU , & 
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& m i t ^ 

i> -nm&&{&mm®:&±,^wftT -.m^^m^m^^ 2o~35wt%Nb, 
2~i5wt%zr, *km%) Ti m^feim&m&mTum* 

fo^mfe 30~45wt% o 

Sik Al ^^S^— ftjcH, ^*^J 0.1~12wt% o 

Sn 3~20wt%^fe]o 

5. SIWMK 2, 3, 4 ^#feET: ft 

m^+nrW^Sd>-ft C. N, 0 5e#|a]|^7U«, 0.5wt% o 

^^^S3l@^200°C~900rT®^S 10%!?~2 /hBt, ^P^S^S^ 
2 #~60 # j5y$^C . 
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